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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a semiconductor circuit. 
[0002] 

[Description of the Prior Art] In two or more circuits which have different direct current level, 
the circuit is widely used from the circuit which operates by the 1st direct current level 
conventionally which is shown in drawing 1 as a circuit for transmitting a signal to the circuit 
which operates by the 2nd direct current level. 

[0003] It sets to drawing 1 and is NMOS. The drain of MN1 is connected to the end of resistance 
Rl, and the anode of zener diode ZD 1, and the source of NMOS is connected to GND. The other 
end of resistance Rl and the cathode of zener diode ZD1 are connected to a power source VH. 
This NMOS Generally it is called a level shift circuit and the circuit A which consists of MN1, 
resistance Rl, and zener diode ZD1 is NMOS. The zener voltage of zener diode ZD1 can be used 
in inputting a control signal into the gate of MN1, and the control signal of ON/OFF can be 
inputted into the gate of PMOS MP 1. For example, it is NMOS in order to set PMOS MP1 to 
ON. A predetermined electrical potential difference is impressed to the gate of MN1, and 
NMOSMN1 is set to ON. At this time, resistance Rl is minded from a power source VH, and it 
is NMOS. It is PMOS by the zener diode ZD1 connected to resistance Rl and juxtaposition 
although the current flowed to MN1 and the electrical potential difference occurred in the both 
ends of resistance Rl. The electrical potential difference decided by zener voltage is impressed, 
and the electrical potential difference between the source gates of MP1 is PMOS. MP1 can be set 
to ON. 

[0004] PMOS It is NMOS when setting MP1 to OFF. It is making gate voltage of MN1 below 
into a threshold, and is NMOS. Since the gate and the source of PMOSMP1 will serve as same 
electric potential by resistance Rl if MN1 is set to OFF, it is PMOS. MP1 can be set to OFF. 
[0005] 

[Problem(s) to be Solved by the Invention] According to the circuit, it is conventionally [ above- 
mentioned ] possible to change a signal into the circuit which operates the signal of the circuit 
which operates by the 1st direct current level by easy circuitry by the 2nd direct current level, but 
it explains becoming a problem in respect of the point of speed, and power consumption 
depending on the circuit to apply below. 

[0006] It sets in a circuit conventionally which is shown in drawing 1 , and is PMOS. It is PMOS 
when especially the power source VH is high pressure, although a current flows in a level shift 
circuit when setting MP1 to ON. It is NMOS from a power source VH to ON period of MP1 . 
The current which flows to MN1 poses a problem as generating loss of a circuit. 
[0007] Since the above-mentioned current increases notably especially when accelerating a level 
shift circuit, application in a high-speed circuit shows an example below, and explains a difficult 
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thing to it. 

[0008] For example, it is PMOS about the load of 150V and a level shift circuit in a power 
source VH. When 50nS(s) tend to perform the charging time of gate capacitance in order to 
accelerate ON of PMOS when it considers as the gate capacitance CGS of MP1 and zener 
voltage of lOOpF and zener diode ZD1 is set to 6V for this capacity value and, a current required 
for charge is need current =(zener voltage) x(capacity) / (charging time). 
= 6(V)xl00(pF) /50(nS) 
=12(mA) 

It becomes. Generating loss when the above-mentioned current flows in a level shift circuit is 
generating loss =(current) x (VH supply voltage). 
= 12(mA)xl50(V) 
=1.8(W) 

It becomes. Generating loss is 1.8 W in order to take into consideration DEYUDI of a level shift 
circuit of operation to the above-mentioned generating loss in actual circuit actuation. Although 
it becomes the following, it can be said that considering that the power dissipation of the usual 
plastic package is about 1 W this value is a very big value in monolithic-IC-izing. 
[0009] Therefore, conventionally, although it is increase of the generating loss in the case of 
accelerating a circuit, since the load of a level shift circuit is capacitive, when the capacity used 
as a load is large, generating loss increases similarly, as the 1st trouble of a circuit was 
mentioned above. 

[0010] Next, PMOS The 2nd trouble produced when accelerating OFF of MP1 is explained. 
[001 1] PMOS OFF of MP1 is Resistance Rl and PMOS. Since discharge of CR decided by the 
gate capacitance CGS of MP1 can be considered, it is PMOS. In order to accelerate OFF of MP1, 
it is necessary to lower the resistance of resistance Rl. The bad influence in this case is PMOS. 
When MP1 turns on, it is a current's increasing and coming back to the 1st problem of the above. 
This reason is explained below. 

[0012] PMOS It is NMOS when setting MP1 to ON. Although it is as having mentioned above to 
make the both ends of resistance Rl generate an electrical potential difference by setting MN1 to 
ON, when the resistance of resistance Rl is lowered, the electrical potential difference generated 
to resistance both ends will become small. It is NMOS in order to make this generated voltage 
into zener voltage. In order to have to increase the current which flows MN1, it will come back 
to the 1st problem of the above. 

[0013] When the above problem is summarized, when the load (capacity) of a level shift circuit 
is large, or when improvement in the speed is required, in a circuit, it turns out conventionally 
that there is a problem that generating loss of a circuit increases. 

[0014] The purpose of this invention is to realize the semiconductor circuit which can drive a 
capacitive load at low consumption and a high speed in simple circuitry in view of the above- 
mentioned problem. 
[0015] 

[Means for Solving the Problem] The semiconductor circuit of this invention is connected 
electrically [ the 1st switching element by which one main terminal is electrically connected to a 
reference potential, for example, touch-down potential, and an end ] at the main terminal of 
another side of the 1st switching element, and the end of a capacitive load, and the other end is 
equipped with the resistance which connects with the other end and DC power supply of a 
capacitive load electrically. The above circuit constitutes the so-called level shift circuit, for 
example. Furthermore, this semiconductor circuit is connected electrically [ one main terminal ] 
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to a reference potential, and the main terminal of another side is equipped with the 2nd switching 
element electrically connected to the main terminal of another side of the 1st switching element. 
As the 1st and 2nd switching elements, various solid-state-switching components, such as 
MOSFET and a bipolar transistor, are applicable. 

[0016] In order to charge a capacitive load, when carrying out the turn-on of the 1st and 2nd 
switching elements according to the semiconductor circuit of such this invention, conduction 
time amount can be shortened more greatly than the current which flows the current which flows 
to the 2nd switching element to the 1st switching element. That is, a capacitive load is charged 
by the high speed with a comparatively big current. Furthermore, since the electrical potential 
difference of a capacitive load is maintained with the necessary minimum current which flows to 
the 1st switching element after a capacitive load is charged, the power consumption of a 
semiconductor circuit can be reduced. 

[0017] Moreover, the semiconductor circuit of this invention is connected electrically [ the 1st 
switching element by which one main terminal is electrically connected to a reference potential, 
and an end ] at the main terminal of another side of the 1 st switching element, and the end of a 
capacitive load, and the other end is equipped with the resistance which connects with the other 
end and DC power supply of a capacitive load electrically. Furthermore, this semiconductor 
circuit is connected electrically [ one main terminal ] at the end of a capacitive load, and the 
main terminal of another side is equipped with the 2nd switching element electrically connected 
to the other end of resistance. 

[0018] According to the semiconductor circuit of such this invention, when making a capacitive 
load discharge, the charge accumulated in the capacitive load can be discharged at a high speed 
by carrying out the turn-on of the 2nd switching element. 

[0019] In addition, as a capacitive load, there is gate capacitance of insulated-gate mold 
semiconductor devices, such as an insulated-gate bipolar transistor (IGBT) and MOSFET, for 
example. According to this invention, when carrying out the juxtaposition drive of many 
insulated-gate mold semiconductor devices or driving an insulated-gate mold semiconductor 
device with big current capacity, namely, even if it is the case where big gate capacitance serves 
as a load, improvement in the speed and the on-off drive of a low power are possible. Especially, 
the monolithic IC by which many drive circuits were carried in one semiconductor chip is 
realized by being a low power. 

[0020] According to this invention, loss of a circuit can be mostly performed with zero as 
mentioned above by having divided the drive of the capacitive load of a level shift circuit into 
capacity charge and electrical-potential-difference maintenance. Furthermore, correspondence 
can be easily done also to increase or improvement in the speed of load-carrying capacity. 
Furthermore, it is possible to turn off a level shift circuit at a high speed, without increasing the 
current of a level shift circuit. 

[0021] Therefore, it is easy circuitry and a high speed, and since a low loss circuit is realizable, 
the formation of a MONORISHI rucksack is easy, and when the input of a level shift circuit is 
OFF further, considering as a power sequencing free-lancer is possible. 
[0022] 

[Embodiment of the Invention] The circuitry which is the 1st example of this invention is shown 
and explained to drawing 2 . In drawing 2 , the drain of the 1st NMOS transistor MN1 is 
connected to the end of resistance Rl, and the anode of zener diode ZD1, and the source of MN1 
is connected to GND. The other end of resistance Rl and the cathode of zener diode ZD1 are 
connected to a high voltage power supply VH. In the above level shift circuits, the reference 
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voltage generating circuit B which added the 2nd NMOS transistor MN2 is constituted as an 
object for charge of the gate capacitance CGS of the PMOS transistor MP 1. The drain of MN2 
is connected to the anode of ZD1, and the source is connected to GND. The gate is minded [ VH 
] for the source of MP1 which is the load of a level shift circuit, resistance R2 is minded [ of ZD1 
] for a drain, and it connects with GND. An output terminal OUT is formed between the drain of 
MPl,andR2. 

[0023] Hereafter, it explains per actuation of this example. 

[0024] NMOS In the gate of MN2, it is PMOS. After charging the gate capacitance CGS of MP1 
at high speed, a control pulse which serves as OFF is inputted. 

[0025] It is PMOS by the zener diode ZD1 connected to resistance Rl and juxtaposition although 
the current 12 flowed from the power source VH to MN2 through resistance Rl and the electrical 
potential difference occurred in the both ends of resistance Rl now supposing MN2 turned on. 
The electrical potential difference decided by zener voltage is impressed, and the electrical 
potential difference between the source gates of MP 1 is PMOS. MP 1 can be set to ON. 
[0026] Next, NMOS It is PMOS supposing MN2 turns off. For maintaining ON of MP 1, it is 
necessary to continue impressing the zener voltage of zener diode ZD1 to the gate of MP1 in a 
predetermined electrical potential difference and this case. Maintenance of this electrical 
potential difference is NMOS. It carries out by making MN1 turn on and passing a current II. 
This maintenance current II is made into necessary minimum. 

[0027] It sets in the reference voltage generating circuit of drawing 2 , and is NMOS. MN2 is 
NMOS. The area of an active field is larger than MN1, and it is NMOS to the electrical potential 
difference between [ same ] the drain sources, and the same gate voltage. MN2 is NMOS. A 
bigger current than MN1 can be passed. The gate voltage signal pulse of the same magnitude 
which starts to coincidence is impressed to the gate of each NMOS. NMOS The time amount 
width of face of the gate voltage signal pulse impressed to MN2 is NMOS. It is shorter than 
MN1 . Therefore, NMOS The current 12 which flows to M2 is NMOS. A value is larger than the 
current II which flows to MN1, and conduction time amount is short. Thus, since gate 
capacitance CGS is charged by the high speed according to the comparatively big current 12, it is 
PMOS. The turn-on of MP1 is carried out to a high speed. Furthermore, the conduction time 
amount of a current 12 is a short time, and after CGS charge is PMOS. Since only the minimum 
current II flows in order to maintain the ON state of MP1, the power loss of a circuit is reduced 
compared with the former. 

[0028] In addition, coincidence is sufficient as the standup of the gate voltage signal pulse of 
each NMOS, and the gate voltage signal pulse of NMOSM2 may start first. Moreover, NMOS 
The current 12 of M2 is NMOS. If it becomes larger than the current II of MN1, the electrical- 
potential-difference values of the gate control electrical-potential-difference pulse of each 
NMOS may differ. 

[0029] It is PMOS by low consumption by the above. The high speed ON of MP 1 becomes 
possible. 

[0030] The 2nd example of this invention is shown in drawing 3 . 

[0031] In drawing 3 , in the 1st example, resistance R3 and R4 is inserted, respectively between 
the source of the NMOS transistor MN1, and GND, and between the source of MN2, and GND, 
and the reference voltage generating circuit C is constituted. 

[0032] Moreover, also in this example, 12 has a value larger than II like an example 1. 
Furthermore, the magnitude of 12 and II changes not only with the magnitude and VI property of 
a gate signal electrical potential difference of each NMOS but with resistance R3 and R4 in this 
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example. Therefore, the degree of freedom of adjustment of II and 12 becomes large, and 
optimization of II and 12 becomes easy. 

[0033] In applying this example to an integrated circuit, resistance R3 and R4 enables it for a 

method or laser trimming of connection of two or more resistance elements etc. to adjust 

resistance. This sets to two or more manufactured integrated circuits, and it is NMOS. The 

property and NMOS of MN1 Even if dispersion arises in the property of MN2, the value of II of 

each integrated circuit and the value of 12 can be arranged with about 1 constant value, 

respectively. Therefore, the manufacture yield of an integrated circuit improves. 

[0034] In addition, although the thing of R3 and R4 to establish for both is desirable in order to 

enlarge a current II and the degree of freedom of adjustment of 12, the current adjustment of 

extent only whose R3 is also only R4 is possible. 

[0035] The 3rd example of this invention is shown in drawing 4 . 

[0036] In drawing 4 , the gate is connected to the end of resistance Rl so that resistance Rl may 
be connected to a high voltage power supply VH for the drain of the NMOS transistor MN3 
between gate drains in addition to the 2nd example. Furthermore, the anode of diode Dl is 
connected to the source of MN3, a cathode is connected to the gate of MN3, respectively, and the 
reference voltage generating circuit D is constituted. 
[0037] It explains per this actuation below. 

[0038] PMOS When MP1 is ON, a current flows from a power source VH to diode Dl through 
zener diode ZD 1, and it is NMOS. The electrical potential difference of Dl low by forward 
voltage VF is built over the gate of MN3 to the source. Therefore, NMOS MN3 serves as OFF. 
[0039] On the other hand, it is NMOS. MN1 and MN2 are turned off and it is PMOS. When 
setting MP1 to OFF, a charge is supplied to resistance Rl from the gate capacitance CGS of 
MP 1, and an electrical potential difference occurs to the both ends of Rl. By this electrical 
potential difference, it is NMOS. MN3 turns on and gate capacitance CGS is discharged. At this 
time, it is NMOS. MN3 is chosen so that it may have the current capacity which can discharge 
gate capacitance CGS by predetermined time amount. 

[0040] NMOS MN2 is PMOS. After charging the gate of MP 1 at high speed, control which 
serves as OFF is performed. PMOS For maintaining ON of MP 1, it is necessary to continue 
impressing the zener voltage of zener diode ZD1 to the gate in a predetermined electrical 
potential difference and this case. Maintenance of this electrical potential difference is NMOS. It 
carries out to MN1 by passing a current. This maintenance current is made into necessary 
minimum. It is PMOS by low consumption by the above. It is shown in the following examples 
that the high speed ON of MP1 becomes possible. 

[0041] For example, it is PMOS about the load of 150V and a level shift circuit in a power 
source VH. If the charging time of gate capacitance is set to 50nS(s) in order to accelerate ON of 
PMOS when it considers as the gate capacitance of MP1 and zener voltage of lOOpF and zener 
diode ZD1 is set to 6V for this capacity value and, the current required for charge will be set to 
12mA as it was mentioned above. It is NMOS in order to maintain ON of PMOS. It is loss of 
0.1mA, then a level shift circuit about the current passed to MN1 . Generating loss =(charging 
current) x (VH supply voltage) 
x (on-duty of NMOS MN2) 
+ Maintenance current x (VH supply voltage) 
x (on-duty of NMOS MN1) 

= 12(mA) xl50(V) x50xlO~9+0.1(mA) xl50(V) xl =90(nW)+15 (mW) 
**15 (mW) 
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It becomes. Although the charging current is the same as the former, it is making the charging 
time into necessary minimum, and it is conventional circuit 1.8W about generating loss. It can 
decrease to 1% or less. 
[0042] PMOS MP1 is made to turn off. 

[0043] Circuit actuation is PMOS. It is NMOS when MP1 is ON. MN3 is OFF and PMOS. It is 
NMOS when setting MP1 to OFF. MN3 is set to ON and it is NMOS about discharge of gate 
capacitance CGS. It carries out by MN3. NMOS MN3 is NMOS, although it shall choose so that 
it may have the current capacity which can discharge gate capacitance CGS by predetermined 
time amount. MN3 is NMOS. Since it is the circuit to turn off (namely, when PMOS MP1 is 
ON) when MN1 is ON, the problem in a circuit is solved conventionally which was mentioned 
above. From the above thing to NMOS It is PMOS by having added MN3 and diode Dl . It 
becomes possible to turn off MP 1 at a high speed. Furthermore, NMOS which is the input of a 
level shift circuit according to the circuit of this invention Since it will work so that a level shift 
circuit may be turned off at a high speed if MN1 and MN2 are set to OFF, it can do with a 
sequence free-lancer also to the sequence of a required power source in a circuit with two or 
more power sources. 

[0044] The 4th example of this invention is shown in drawing 5 . 

[0045] In drawing 5 , resistance R5 is inserted between the gates of high voltage power supplies 
VH and MP1 in the 3rd example. 

[0046] Hereafter, it explains per this effectiveness. It is PMOS when not forming resistance R5. 
MP1 and NMOS It is PMOS when potential of VTHP, VTHN, and a power source VH is set to 
HV for the threshold voltage of MN3, respectively. The gate potential of MP1 remains by 
VTHN, and as long as there is no junction leak in zener diode ZD1, it cannot be given to HV. 
That is, 0V of reference voltage are not realized. As for this, leakage current will flow to MP 1 in 
the case of VTHN>VTHP. Then, if this resistance R5 is formed, the gate potential of PMOSMP1 
can be given to HV, and it can realize that reference voltage is set to 0V. 
[0047] The 5th example of this invention is shown in drawing 6 . 

[0048] In drawing 6 , in addition to the example of drawing 5 , it considers as a multichannel 
output, and the example which connected the logical circuit inputted into MN1 and MN2 and the 
drive circuit of a capacitive load is shown. As long as the drive circuit Q of a capacitive load is a 
drive circuit which consists of MOS, IGBT, diode, resistance, etc., they may be circuitry other 
than the circuit shown in drawing 6 . The display of flat display panels, such as a discharge-in- 
gases display panel (plasma-display panel) or an electroluminescence display panel (EL display 
panel), can be driven at a high speed by low consumption using this semiconductor integrated 
circuit. 

[0049] It explains using the timing chart which shows actuation of this example to drawing 6 and 
drawing 7 . 

[0050] First, the notation in a timing chart is explained. 
[0051] 

ST1, ST2 - It is ****** to the gate of MN1 and MN2, respectively. Number 

VGMP - Gate potential of MP1 (MP2, --, Mpn) SI, S2, Sn - They are Ql, QB1, Q2, QB2, and 

Qn, respectively. Input signal to the gate of QBn 

OUT1, OUT2, OUTn ~ Output signal 

In drawing 6 , the gate of MN1 and MN2 is made to input and turn on a high, and the gate 
capacitance of PMOSMP1, MP2, and MPn** is charged. Under the present circumstances, the 
current II which flows to MN1 is set up so that it may become a necessary minimum current that 
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ON maintenance can be carried out [ of PMOS ]. In order to charge the gate of current 12PMOS 
which flows to MN2 at a high speed, it considers as a larger current than II . Only the zener 
voltage decided by ZD1 from VH descends, and charge completes the gate potential of this 
PMOS. While this charge finishes, low consumerization can be attained in turning off MN2. 
[0052] PMOS It is Bottom IGBT while MP1, MP2, and Mpn turn on. QT1, QT2, and QTn serve 
as ON. A low can be made to output to outputs OUT1 and OUT2 and OUTn one by one in 
inputting a pulse signal into the driving signals SI, S2, and Sn of Bottom IGBT one by one in 
this condition. 
[0053] 

[Effect of the Invention] According to this invention, ON-OFF is possible at a high speed, and 
the drive circuit of the capacitive load of a low power can be realized. 
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[Claim(s)] 

[Claim 1] The 1st switching element which has the main terminal and control terminal of a pair 
and by which one main terminal is electrically connected to a reference potential, The resistance 
to which it has both ends, an end is electrically connected to the main terminal of another side of 
the 1st switching element, and the end of a capacitive load, and the other end is electrically 
connected to the other end and DC power supply of a capacitive load, A semiconductor circuit 
equipped with the 2nd switching element by which it has the main terminal and control terminal 
of a pair, connects electrically [ one main terminal ] to a reference potential, and the main 
terminal of another side is electrically connected to the main terminal of another side of the 1st 
switching element. 

[Claim 2] A larger semiconductor circuit with short conduction time amount than the current to 
which the current which flows to said 2nd switching element flows to said 1st switching element 
in the semiconductor circuit of claim 1. 

[Claim 3] The semiconductor circuit said whose capacitive load is the gate capacitance of an 

insulated-gate mold semiconductor device in the semiconductor circuit of claim 1. 

[Claim 4] The semiconductor circuit with which parallel connection of the zener diode is further 

carried out to said resistance electrically in the semiconductor circuit of claim 1. 

[Claim 5] One [ said ] main terminal of said 1st switching element is a semiconductor circuit 

which connects with a reference potential electrically further through a resistance element in the 

semiconductor circuit of claim 1. 

[Claim 6] The main terminal of said another side of said 2nd switching element is a 
semiconductor circuit which connects with a reference potential electrically further through a 
resistance element in the semiconductor circuit of claim 1. 

[Claim 7] The 1st switching element which has the main terminal and control terminal of a pair 
and by which one main terminal is electrically connected to a reference potential, The resistance 
to which it has both ends, an end is electrically connected to the main terminal of another side of 
the 1st switching element, and the end of a capacitive load, and the other end is electrically 
connected to the other end and DC power supply of a capacitive load, A semiconductor circuit 
equipped with the 2nd switching element by which it has the main terminal and control terminal 
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of a pair, connects electrically [ one main terminal ] at the end of a capacitive load, and the main 
terminal of another side is electrically connected to the other end of resistance. 
[Claim 8] The semiconductor circuit to which the turn-on of said 2nd switching element is 
carried out in the semiconductor circuit of claim 7 when making said capacitive load discharge. 
[Claim 9] The semiconductor circuit said whose capacitive load is the gate capacitance of an 
insulated-gate mold semiconductor device in the semiconductor circuit of claim 6. 
[Claim 10] The 1st switching element which has the main terminal and control terminal of a pair 
and by which one main terminal is electrically connected to a reference potential, The resistance 
to which it has both ends, an end is electrically connected to the main terminal of another side of 
the 1st switching element, and the other end is electrically connected to the end and DC power 
supply of a capacitive load, The 2nd switching element by which it has the main terminal and 
control terminal of a pair, one main terminal is connected electrically [ the main terminal of 
another side ] at the end of a capacitive load by connecting with the other end of a capacitive 
load electrically, and a control terminal is electrically connected to the end of resistance, The 
zener diode electrically connected between the main terminals of the 2nd switching element, The 
diode electrically connected between one main terminal of the 2nd switching element, and a 
control terminal, A semiconductor circuit equipped with the 3rd switching element by which it 
has the main terminal and control terminal of a pair, connects electrically [ one main terminal ] to 
a reference potential, and the main terminal of another side is electrically connected to one main 
terminal of the 2nd switching element. 
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